Different hulled barley cultivars were subjected to roasting in hot sand (280 º C) and 11 the effects on β-glucan solubility, physicochemical, thermal and pasting properties were 12 studied. Grain hardness, bulk density, L/B ratio and thousand kernel weight were 13 significantly lowered upon roasting. The geometric mean diameter significantly increased, 14 the CIE L* a* b* colour values a* and b* significantly increased while L* and ∆E were 15 significantly decreased. The roasted barley flour had significantly higher water absorption, 16 water solubility and oil absorption capacity. The cultivars DWR-28 and RD-2508 had the 17 highest total β-glucan content and roasting affected in different extent the total β-glucan 18 content and extractability depending on the cultivars. Roasting significantly increased the 19 insoluble β-glucan with a concomitant decrease in the amount of soluble ß-glucan. In 20 addition, roasting significantly affected the pasting and thermal properties of the flours, 21
Introduction 26
Barley (Hordeum vulgare L.) is an ancient and important cereal grain and occupies 27 about 9.4% of the total area under cereal production (FAO, 2007) . The predominant type of 28 cultivated barley is hulled, having a tough fibrous husk, which is used as a malting and 29 brewing grain. The other type is the hulless or naked barley in which the hull is easily 30 removed during threshing similar to wheat. In the Western world, barley has been mainly 31 used for feed and alcohol production. However, its high content in dietary fiber has 32 motivated the interest in increasing the consumption of barley based foods. The use of 33 barley as a human food should be encouraged because it has one of the highest levels (2-34 10%) of β-glucan. The β-glucans behave as a peculiar fiber because are present in both 35 soluble and insoluble forms and around 54% of total β-glucan is soluble in water and 36 classified as soluble fiber (Anker-Nilssen et al., 2008) . Therefore, ß-glucans have the health 37 benefits associated to insoluble fibers like ability to relieve constipation. Soluble ß-glucans 38 are recognized as healthy polymers due to their benefits in cholesterol lowering and 39 glycemic index reduction, effects that are beneficial in the prevention and management of 40
β-glucan extractability 133
Extraction of β-glucan was carried out as reported by Bhatty (1995) , barley flour 134 (10g) mixed with NaOH and extracted for 1h at room temperature and further centrifuged 135 at 6000g (REMI, C 24, Mumbai, India) for 15 min. The residue was again extracted with 136 NaOH for 1h and centrifuged at 6000g for 15 min. The supernatant were polled and pH 137 adjusted to 6.5 with HCl. Calcium chloride (70 mg/100 ml) and Termamyl 120L (0.1 ml/ 138 100ml) was added. The contents were incubated at 96°C for 1 h with shaking and 139 suspension was cooled to room temperature (25°C) and the pH adjusted to 4.5 with HCl. 140
The supernatant was again centrifuged at 6000g for 15 min and the pellet discarded. 141
Ethanol was added to 50% final concentration and kept overnight at 4°C, centrifuged again 142 at 6000g for 15 min. The crude gum was resuspended in water and washed with 50% 143 ethanol twice, centrifuged again, the pellet was homogenized in water and freeze dried 144 (Heto, LL 3000, Denmark). 145
Pasting properties 146
Pasting properties of flours (control and roasted) were studied using a Rapid Visco 147
Analyzer (Newport Scientific Pty Ltd., Australia) using the Standard profile 1. Flour (3g on 148 14% moisture basis) was taken in the canister and 25 ml water was added. The suspension 149 was mixed thoroughly with plastic paddle to prevent lump formation before RVA analysis 150 that involved a heating step of 50 to 95ºC at 6ºC/min, a holding phase at 95ºC for 5 min, a 151 cooling step from 95ºC to 50ºC at 6ºC/min and a holding phase at 50ºC for 2 min. The peak 152 viscosity, breakdown viscosity, final viscosity, setback viscosity, peak time and pasting 153 temperature were reported. 154
Thermal properties 155
The thermal characteristics of barley flours (control and roasted) were analyzed 156 using a Differential Scanning Calorimeter (DSC, Mettler Toledo, Switzerland) equipped 157 with a thermal analysis data station and robotic device to handle the aluminum pan. The 158 sample (5 mg, dry weight basis) was loaded into a 40 µl aluminum pan and distilled water 159 was added (flour to distilled water ratio was 1:2.3). The sample was hermetically sealed and 160 allowed to stand for1 hr at room temperature before heating in DSC. The DSC analyzer was 161 calibrated using indium and an empty aluminum pan was used as reference. The sample 162 was heated at a rate of 10ºC / min from 30 to 100 º C, onset temperatures (T 0 ), peak7 temperature (T p ), endset temperature (T c ) and enthalpy of gelatinization (∆H gel ) were 164 calculated automatically. The gelatinization range (R) was (T C -T 0 ), the peak height index 165 (PHI) was calculated by the ratio ∆ H gel / (T P -T 0 ). The degree of gelatinization (DG) was 166 calculated as reported by Holm et al. (1988) The bulk density of roasted barley significantly varied among cultivars also after 187 roasting, being the bulk density significantly (p<0.05) lowered. The decrease in bulk 188 density after roasting can be attributed to loss of integrity between starch-starch and starch-189 protein matrix and or due to the formation of spaces in starchy endosperm (Chandrasekhar 190 and Chattopadhyay, 1990) wheat. This effect could be attributed to the fact that surface gelatinization of starch took 210 place and fissures developed on the grain upon further heating, resulted in the reduced 211 hardness (Mridula et al., 2008) . 212
Effect of roasting on colour characteristics of flour 213
Color parameters were significantly different among cultivars, and roasting or 214 thermal treatment affected significantly the color of the flour (Table 1) reactions that produce brown pigments with low and high molecular weight in advance 230 stage of the browning reaction (Hofmann, 1998) . 231
Effect of roasting on water absorption capacity, water solubility index and oil 232 absorption capacity 233
The water absorption capacity (WAC) of roasted barley flours did not significantly 234 vary among the cultivars, but significant differences were observed on the oil absorption 235 capacity (OAC) and in the water solubility index (WSI) ( Table 1) The formation of a porous structure in the endosperm and the capillaries formed 242 might be responsible of the increase in the absorption; also the presence of higher level of 243 damaged starch has been suggested as possible (Mariotti et al, 2006) . Starch had the 244 tendency to become soluble after different cooking treatment (Jones et al., 2000) . 245
Effect of roasting on total, insoluble and soluble β-glucan 246
Roasting affected in different extent the total ß-glucan content depending on the 247 cultivar (Fig 1a) , observing a significant decrease in the total ß-glucan content of some 248 cultivars. The highest total β-glucan was observed for DWR-28 (5.47%) and RD-2035 249 (5.41%) in control and roasted barley, respectively. The lowest total β-glucan was observed 250
for RD-2508 cultivar in both roasted and control barley. The soluble β-glucan ranged from 251 1.95 to 3.07% in control barley while it was significantly lowered after roasting (Fig. 1b) . 252
The highest and the lowest decrease in soluble β-glucan were observed for RD-2035 253 (25.3%) and RD-2552 (4.9%) cultivars, respectively. Izydorczyk et al. (2000) reported that 254 hydrothermal treatments did not increase the amount of soluble β-glucan in different barley 255 cultivars. The insoluble β-glucan ranged from 2.0 to 3.0% in control barley flour (Fig. 1c) , 256 the highest and the lowest being for PL-172 and RD-2508 cultivars, respectively. Roasting 257 significantly increased the insoluble β-glucan in all the barley cultivars. 258 A significant (p<0.05) positive correlation was observed between total and insoluble 259 β-glucan of control barley (R = 0.73). Upon roasting, total β-glucan exhibited a significant 260 positive correlation (R = 0.82) with insoluble β-glucan while the correlation with soluble β-261 glucan was lower (R = 0.45). 262
Effect of roasting on β-glucan extractability 263
The β-glucan extractability significantly varied among the cultivars in control and 264 roasted barley (Fig.2) . The highest and the lowest β-glucan extractability were observed for 265 PL-172 and PL-426, respectively in control and roasted barley. After roasting, β-glucan 266 extractability only showed significant increase in RD-2035 and PL-172. Bhatty (1995) 267 reported similar results for β-glucan extractability in barley and oat bran. 268 ß-glucan extractability (control barley) was positively correlated with water 269 absorption capacity (R = 0.70, p<0.05). 270
Effect of roasting on pasting properties of flour 271
The pasting properties of barley flour obtained after roasting significantly varied 272 among cultivars (Table 2) . A sharp decrease in peak viscosity and breakdown viscosity 273 (BDV, measurement of the cooked starch to disintegration) was noticed after roasting. 274 BDV showed a significant positive (p<0.05) correlation (R= 0.64) with puffing index. 275
The roasting of barley significantly (p<0.05) decrease the final viscosity and the 276 setback viscosity (SB), with the exception of RD-2552 that showed an increase in the SB 277 viscosity after roasting. The time required to reach peak viscosity did not vary significantly 278 among the cultivars. However, the roasting of barley significantly increased the peak time 279 (PT). In addition, roasting of barley significantly increased the pasting temperature. Similar 280 results were also reported for pasting properties in roasted oat (Cenkowski et al., 2006) . 281 Therefore, it seems that starch is partially gelatinized during roasting, despite the limiting 282 water available for the starch. It has been reported that the loosely packed starch granules 283 with high level of damaged starch easily hydrate and swell more rapidly in the presence of 284 heat and consequently produce less peak viscosity (Mariotti et al., 2006) , thus the increase 285 in damaged starch might explain the results obtained. 286
It should remark that some interesting correlations were found among physical 287 parameters and the content of ß-glucans. Total β-glucan showed significant (p<0.05) 288 positive correlation with peak and final viscosity (R = 0.74, 0.67 and 0.61, respectively). 289
Insoluble β-glucan showed a positive correlation with peak and trough viscosity (R = 0.74 290 and 0.61 respectively). After roasting the β-glucan did not show correlation with the pasting 291 parameters (peak, final and trough viscosity) as exhibited by control flour. 292
The peak viscosity, TV and breakdown showed significant (p<0.05) positive 293 correlation (R= 0.75, 0.74 and 0.72, respectively) with β-glucan extractability. Zhang et al. 294 (1998) reported that the non-starchy polysaccharide such as β-glucan affected the pasting 295 properties of barley flour. 296
Effect of roasting on thermal properties 297
The thermal properties, onset temperature and peak temperature of barley flour 298 significantly (p<0.05) varied among cultivars (Table 3) . The endset temperature (T c ) of the 299 roasted barley did not significantly vary among the cultivars. Upon roasting, significant 300 (p<0.05) decrease was observed in T o among all cultivars, whereas roasting did not affect 301 the T c significantly. 302
The enthalpy of gelatinization (∆H gel ) ranged from 0.16 to 0.74 J/g with the highest 303 being for DWR-28 and the lowest being for RD-2052. Significant decrease was observed in 304 ∆H gel when the barley was roasted. The degree of gelatinization ranged from 86.2 to 97.6% 305 in the roasted barley. Upon roasting, significant increase was observed in the gelatinization 306 range. The peak height index (PHI) significantly decreased in all the cultivar after roasting. 307
Upon roasting the barley starch was either gelatinized completely or partially 308 depending upon type and time of heat treatment and grain properties. During gelatinization 309 inter and intramolecular hydrogen bonds are broken. This results in a loosening up of the 310 compact granular structure and allows different degrees of swelling and absorption of 311 water. The roasting leads to gelatinization of the starch, which agrees with the observed 312 decrease in ∆H gel , although the starch that remained either ungelatinized or partially 313 gelatinized showed a slight higher ∆H gel in roasted as compared to other samples. Holm et 314 al. (1988) reported that the degree of gelatinization (DG) ranged from 22-65% for rolled 315 cereals, lower values than the ones obtained in the present study, although discrepancies 316 could be attributed to difference in thermal treatment applied to grains. In fact, differences 317 12 in the effect of thermal and hydrothermal treatments have been reported. Khunae et al. 318 (2007) cultivars, mixed linkage total β-glucan (Fig.1a) , soluble β-glucan (Fig.1b) , insoluble β-glucan (Fig.1c) , different superscripts (a to f) show significant difference (p<0.05) within cultivars and p, q superscripts show significant difference of roasting within a cultivar 
